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Kinetics of the esterification reaction between benzyibromide and
potassium p-nitrobenzoate catalyzed by three different crown ethers have
been studied in the dichloromethane-crystal two-phase system. at 25°C.
Potassium p-nitrobenzoate is transferred into dichloromethane from the
crystalline state by crown ethers. The reaction rates are found to-
be first-order to benzylbromide at a constant crown ether concentration
in the presence of excess solid potassium p-nitrobenzoate. Rate
constants for both SN1 and SN.2 mechanisms (k1 and k2 respectively) are
determined. The k1 values are found to be negligibly small whereas k9
are observed to be around 10_1 Mwlmill 1. The order of effectiveness
of the crown ethers as phase transfer catalysts is bis-1-iB15C5
DCH18C6 18C6. The most effective system is obtained when bis-1-•Bi8C6
is used as phase transfer catalyst and cesium p--nitrobenzoate as nucleo---
phile. The difference in the effectiveness of the crown ethers is
explained by the different degree of cation-anion interaction within
ionpairs. The attacking species in the nucleophilic substitution reaction
is found to involve both ionpair and free ion., The rate constants
of both ionpair and free ion (ki and k f respectively) are deterrmi_ned.
The k. i values are found to be 0.084 Mwlmin- to 0.525 M-min- whereas
kf is 0.525 M min The dissociation constants of the crown separated
ionpair complexes in CH7Cl were also determined and found to be affected
by the nature of the crown ether compounds. Kinetic run of competition
between substitution and elimination mechanisms of the reaction between
3
1-bromo-l-phenylethane and potassium p-nitrobenzoate catalyzed by
DCH18C6 has' also been studied in a dichl.oromethane--crystal two-phase
system at 25°C. Rate constants for both SMi, S112, El and E2 mechanisms
(k SP ks2) kel and ke2 respectively) are determined. Under the reaction
conditions, kSl, kel and ke,? values are found to be negligibly small,
whereas the second-order rate constant for substitution k s2 is observed
to be about 20-fold smaller than that of the reaction between benzyl-
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SECTION ONE: INTRODUCTION
1.1 Phase Transfer Catalysis
Collision is the basic requirement for a bimolecular reaction to
occur. Chemists frequently encounter the problem of bringing together two
mutually insoluble reagents in sufficient concentration to attain con-
veniently rapid reaction rates. For example, Starks reported that octyl
bromide was heated with sodium cyanide for two weeks and no reaction
took placel. Attempts are therefore made to get all the components in
a homogeneous medium. If a hydroxylic solvent is selected to dissolve
both components, many reactions still proceed relatively slowly owing to
the extensive solvation of the anions and the solvolytic side reactions
may also interfere. Later, polar aprotic solvents are found to be more
suitable for such reactions, but they are usually more expensive and more
difficult to recover, and traces of water may sometimes also interfere.
The problem was almost completely solved by the use of phase transfer
catalysts. The basic idea of this method is that one can select a phase
transfer catalyst which can bring one of the reactants into the phase of
the other reactant so that the reaction can take place in a homogeneous
systeml. Owing to the simplicity of the method and the low cost of the
reagents, phase transfer catalysis has been extensively applied to many
technical processes.
21.2 Development of Phase Transfer Catalysis
Phase transfer catalysis (PTC) has been considered to be a major
advance in organic chemistry after the principle was revealed. Bio-
logically, a number of antibiotics, such as valinomycin and nonactin,
which contain ether, ester, and amide bonds in 32- to 36- membered rings
exert interesting effects2 which are related to the way in which these
substances influence transport of Na+ and K+ across cell. membrances 3.
This is one of the fundamental processes of living systems and also may
be considered as one of the earliest examples of phase transfer catalysts.
Undoubtedly, many early examples now known as phase transfer catalysis
can be found. For example, as early as 1947, Wittig and coworkers demon-
strated the value of ultilizing tetramethylammonium cations paired with
trityl and fluorenide ions for alkylation in dry alcohol solutions 4. In
1951, Jarrousse observed that the quaternary ammonium salt benzy ltriethyl-
ammonium chloride markedly accelerated two-phase reaction of benzyl
chloride with cyclohexanol, and the two-phase alkylation of phenylaceto-
nitrile with benzyl chloride or ethyl chlorides5. A presentation of all
early examples is neither valuable nor feasible but the important
study by Makosza and coworkers in 1965 must be included6. These workers
examined the two-phase alkylation technique in great details. In fact,
this paper contains rather brief exposition of the principles of phase
transfer catalysis. In addition to this work, a number of other publi-
cations appeared in which quaternary ammonium or phosphonium salts were
3used as catalysts for various types of two-phase reactions, namely per-
manganate oxidations7, alkylation reactions 6,8, and carboxvlate displacement
reactions9, The name "Phase transfer catalysis" was first applied in
the publications of Starks1,10, after which detailed evidence for the
mechanistic pathway was adducted11.
The recognition of crown ethers, a new class of compound first
synthesized by Pedersen in 196712,13, as phase transfer catalysts was
published by Liotta and coworkers 14, Later, cryptands were synthesized15
and their potential in phase transfer catalysis was recognized16.
1.3 The Principle of Phase Transfer Catalysis
Several systems capable of forming inclusion complexes with metal
cations have been used as phase transfer catalysts. Common properties for
all these catalysts are highly lipophilic in character, which allow trans-
fer of anions from the aqueous phase or solid phase to organic media,
and in many cases, imposing a large separation between the anion and the
cationic cluster. Thus, the weak interaction between the opposite ions
leads to the strong anion activation.
Quaternary aimonium or phosphonium salts were the earliest phase
transfer catalysts, since the cations are lipophilic enough to meet the
requirement. The mechanism of this kind of catalytic reaction was first
proposed by Starks11, and the sequence is shown schematically below
4
where the quaternary ion is represented by the symbol. Q+, the nucleophile
is represented by Nu , and the leaving group is represented by X .
Organic
R-Nu + Q+X-Q+Nu- + R-X
Phase
(1.1)
Aqueous M+Nu- + Q+X-Q+Nu- + M+X-
Phase
The complexing property of crown ethers towards alkali and alkaline
earth metal ions can also provide sufficient lipophilic property. An
example of complexation of 18-crown-6 (1) is illustrated below.
(1 .2)NuM+Nu M
(1)
The associated anion, which is transferred to maintain electrical
neutrality in the organic phase, can undergo reaction with the organic
substrate.
51.4 Targets of the Study
It is one of the aims of this work to compare the catalytic
effectiveness of several crown ethers through a study of reaction. kinetics











The effect of solvent is also included in comparing with the previous
study using chloroform as solvent17.
Although the ionpair is found to be the dominant nucleophilic
species17,18, ionization of the ionpair in a more polar medium such as
CH2Cl2 is possible. It has also been found that quaternary salts show
significant ionizations in certain solvents such as acetone and nitro-
benzeie19. Therefore, an attempt is made to examine the possibility of
the free ion rectivity in a more polar solvent system.
6On solvolysis of 2-bromooctane with aqueous sodium hydroxide
catalyzed by ammonium salts, an. elimination-substitution ratio was
found 20,21. Therefore, it is interesting to study the competition
between substitution and elimination mechanisms of the following reaction
in a solid-liquid phase transfer system catalyzed by crown ethers.












SECTION TWO: LITERATURE SURVEY
2.1 Synthetic Applications of Phase Transfer Catalysis
Phase transfer processes rely on the catalytic effect of quaternary
ammonium and phosphonium salts or crown ethers to simplify and accelerate
numerous reactions in which some are traditionally impossible14,22-25.
The phase transfer catalysis often has considerable advantages over
conventional methods. The technique allows the direct use of corrmNmon
inexpensive low polarity organic solvents and inorganic reagents, such as
sodium hydroxide1,11,26,27, potassium hydroxide13,28 and potassium per-
manganate1,29,30, leads to a result of saving on expensive anhydrous
aprotic solvents and reagents. Phase transfer catalysis also tends to
increase the reaction yields by suppression of side reactions 8,31-33.
Since the nucleophile anion transferred into organic phase is only sol-
vated to a minute extent by most nonpolar solvents14,25,34-36, the
reactivity of anion is enhanced and leads to a shorter reaction time
and/or a lower reaction temperature. Furthermore, phase transfer tech-
nique offers simple workup procedures due to the use of inert and volatile
solvents.
Phase transfer catalysis is widely used in many reactions. Among
the many types of reactions, dihalocarbene reactions37,38, alkylation
reactions34,39,40a,41a, and simple displacement reactions34,39,40b,41b
are the most investigated ones. Besides, other types of reactions include
8
oxidation by potassium permanganate 30'42, chromate ion43'44, and hypo-
chlorite ion45; reduction by borohydride46; Wittig and Horner Re-
actions 47'48; deuterium exchange of active hydrogen atoms1; and the
49 50.
use of chiral catalysis to induce optically active products'
2.2 Crown. Ethers as Phase Transfer Catalysts
2.2.1 Types of crown ethers and nomenclatur
Macrocyclic polyethers, known as "crown ethers", were reported by
Pedersen in 1967 and shown to complex a variety of cationic substrates13.
Common crowm ethers used in phase transfer catalysis consist of the
sequential --OCH2CH2-- grouping in the crown ether rings (Figure 2.1).
The ethylene unit is fundamental to the crown ethers because a methylene
unit substituted with two oxygen atoms (acetal) would tend to be hydro-
lytic unstable, and hydrogen-hydrogen conformational interaction would
51
become troublesome if there were more consecutive units
IUPAC names for crown ethers are too cumbersome for frequent use,
abbreviated trivial names have been widely used for their ready identi-
fication13. The trivial names are based on the followings, in order
(1) the number and kind of hydrocarbon rings, (2) the total number
of atoms in the crown ether ring, (3) the class name, crown and (4) the
number'of oxygen atoms in the crown ether ring. Therefore, (1) is named









Figure 2.1 Structures of some macrocycle polyether compounds
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Apart from the basic skeletons of crown ethers, such as (1) and (2),
,13,52,53
crown ethers with various substituent groups. are also prepared
Examples are benzo-15-crown-5 (3), bennzo-18-crown-6 (4), dibenzo-18-
crown-6 (5), and dicyclohexyl-18-crown-6 (6). Besides, compounds with
two crown ether moieties, known as bis-(crown ethers), have also been
synthesized, such as (7) an.d(8) 54- 56 Furthermore, polymer-bound crown
54 57 58ethers have also been prepared' 5
Azamacrobicyclic polyethers, known as cryptands, have also been
59-61successfully prepared They can form stable cation inclusion
complexes called cryptates. Among them, the most widely used one is
cryptand [2,2,2] (9).
2.2.2 Factors influencing the compiexip properties of crown ethers
With the advent of crown ethers, simple and efficient means have
become available for solubilizin.g simple metal salts in nonpolar and polar
aprotic solvents where salvation of the anion in portion of the salt
should be minimal13. This phenomenon leads to the investigation of the
complexing properties'of crown ethers. The complexation appears to be a
Lewis acid-base phenomenon and is found to be an electrostatic attraction
13.)62
between the cation and the negative end of the C-0 dipole
It has been reported that spectrometric measurements were used to
13,63
examine the existence of the crows ether-metal salt complexes13,63 Some
11
of these complexes have been successfully isolated and studied by X-ray
crystallography64-67.
Pedersen has reported that the following factors can influence the
formation and the stability of these complexes13.
(1) The relative sizes of the ion and the hole in the crown ether ring :
A fundamental requirement for complex stability is to have a
metal ion of size comparable to the cavity size of the crown ether
ring68,69. The hole diameters of various crown ethers and the ionic
diameters of some cations are given in Table 2.1.
Table 2.1. Crown ether cavity sizes and ionic diameters of
some cations
Crown ether Hole diameter* Ionic DiameterCation
ring in crystals (A)(A)
1.2 - 1.5 Li+ 1.3614-crown-4
1.7 - 2.2 Na+ 1.9415-crown-5
K+ 2.6618-crown-6 2.6 - 3.2





* From Reference 64.
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Based on the size correlation, .12-crown-4 --Li+, 15-crown-5--Na+
and 18-crown-6 K+ complexes are expected to be more stable. Support
is provided by the measurements of stability constants of these
62,68,69
complexes.
(2) The number of oxygen atoms in the crown ether ring
During the formation of the complexes, the solvent motecules
bound to the cations must, at least partially, be replaced by crown
ethers. An increase in the number of oxygen binding sites in the
crown ether facilitates the competition against soivation. However,
replusion between binding sites may occur if the number exceeds an
optimal value. This causes destabilization of the complex.
(3) Basicity of oxygen atoms
The more basic the oxygen atoms in the crown ether ring, the
higher the stabilty of the complex is. For example, dicyclohexyl-
18-crown-6 (6) is a better complexing agent for K than dibenzo-18-
crown-6 (5).
(4) The coplanarity and the symmetrical placement of the oxygen atoms
These factors can also enhance the stabilities of complexes for
better electrostatic interaction between the metal ions and the
lian.ds.
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(5) Steric hindrance in the, crown ether ring :
This factor may prevent the formation of complexes.
t'6) The tendency of the ion to associate with the solvent :
If the ion is too strongly associated with the solvent, the
formation of the complex will not be favored.




Figure 2 .2 Solubility of potassium salts in nonpolar and polar
avrotic solvents
A simplistic view of the solubilization process is shown in Figure 2.2.
Since the complex has a hydrophobic exterior, it is readily solubilized by
the nonpolar or polar aprotic solvents. The associated anion, which is
transferred to maintain electrical neutrality in the organic phase, can
undergo reaction with the organic substrate.
K+ X
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Crown ethers are superior to quarternary salts by enabling solid-
liquid phase transfer reactions. Only few cases of successful solid-liquid
phase transfer catalysis ultilizing quarternary salts have been reported70.
The success of crown ethers in solid-liquid catalysis may be attributed
to the two-dimensional system with multiple polar sites of crown.
ethers. The complexation is enhanced because of the approximate
geometry of the complex and the movement of the cation from the lattice
to liquid is small. In the case of quarternary salts, the positive
nitrogen atom is sterically shielded by the alkyl groups and therefore
its approach to the anion in the lattice would be more difficult51.
2,3 Factors Influencing Anion Activity in the Organic Phase
In both liquid-liquid and solid-liquid phase transter,the
anion activity in the organic phase is influenced by a combination of many
factors. The most important ones include :
(1.) The nature of associated cation :
it has been found that the anion activity is affected by the
counter ion19,71. In general, the longer the distance between
cation and anion in the ionpair, the more activated the anion is.
In case of quaternary salts, bulky cations should be used for such
purpose71.
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(2) The effect of solvent :
It has been found that quaternary salts show significant
ionizations in certain solvents such as acetone and nitrobenzene19.
The ionpair dissociation, in most cases, should lead to better
anion activation.
(3) The aggregation of ions in the organic phase :
This factor reduces the effective concentration of the anion
in the organic phase. Therefore, the activity tends to be reduced.
(4) The water molecules present in the organic phase :
Most measurements show that the water molecules are co-
extracted with the anion into the organic phase in liquid-liquid
systems11,72,73. The water molecules would interact with the anion
and therefore decrease its activity36,74. However, one can avoid
this hydration of anion by using solid-liquid phase transfer systems.
2.4 Kinetic Studies on Phase Transfer Catalysis
Although phase transfer catalysis is widely employed in synthetic
organic chemistry as described in section 2.1, reports on kinetic studies
aare limited11,17,35,36,74,75-78. Among these investigations, most of
them have been made on liquid-liquid phase transfer displacement reactions
using quaternary saltsll. It has been found that the reaction rate
is proportional to the concentration of the catalyst-nucleophile species
16
in the organic phase11,74. Only a few studies have been made on solid-
liquid phase transfer kinetics17,76,77 and fewer of them have been




Nuclear magnetic resonance (NMR) spectra were measured using a JEOL
60-HL spectrometer (60 MHz) and chemical shifts are reported in parts per
million (ppm) downfield with respect to internal tetramethylsilane
standard. Infrared (IR) spectra were determined on a Beckman Acculab-l
spectrophotometer, and peaks of significant maxima are reported only.
Mass spectra (MS) were obtained on a VG-7070F high resolution mass
spectrometer. Ultraviolet (UV) spectra were measured using a Varian
Super Scan-3 spectrophotometer in the range 250-300 nm. High pressure
liquid chromatography (h.p.l.c., Model 6000 Waters Associates) was used to
to monitor the concentration changes of the reaction products.
3.2 Materials and Solvent for Kinetic Measurements
3.2.1 Solvent
Dichloromethane used in kinetic measurements was of Analytical Grade
(Merck, G.R.) and was further dried by refluxing with phosphorus pentoxide
overnight. It was stored over molecular sieves (4A) after distillation.
18
3.2.2
Benzy1bromide (BzBr) and 1-bromo-1-phenylethane (MBzBr) were used as
substrates in the reactions. Benzy1bromide was commercially available
(Merck,for synthesis) and was used without further treatment.
1-bromp-1-phenylerhane(13)is thermally unstable and was therefore











In a 1-litre flask fitted with a reflux condenser,10 grams of ethy1-
benzene (12, 0.094 mole) were dissolved in 500 ml of Ccl4. The solution
was heated to boil under nitrogen atmosphere and then 16.7 grams of
N-bromosuccinamide (NBS,0.094 mole) were added. The mixture was
irradiated by a 500 W tungsten lamp and reluxed with stirring for about
half an hour to complete the reaction. The solution was cooled and the
succinimide was filltered off. After removal of Ccl4, the oily residue
was vacuum distilled and 8.0 grams of oily product, 46% yield with b.p.
Organic bromide substrates
19
43-45°C at 0.05 mmHg, were obtained.
NMR (CDC13) 6, ppm: 2.75 d 3H methylic H, -CH3
4.95 q 1H benzylic H, Ph-CH-
7.15 m 5H aromatic H, --CH-
This substance decomposes on standing at room temperature and was
stored in freezer.
3.2.3 Potassium and cesium p-nitrobenzoates
Potassium and cesium p-nitrobenzoates (KNB and CsNB) were chosen
as the nucleophiles. They were prepared by adding p-nitrobenzoic acid
to a concentrated aqueous solution of the corresponding metal hydroxide
which was calculated to be in slight excess. The solution was warmed
for rapid dissolution. On cooling in ice-bath, metal salt of the organic
acid was crystallized out. The crystals were filtered and then washed
with cold water. Analytic products were obtained by recrystallization
from 95% ethanol.- The salts were colourless, plate-like when recry-
stallized from water, and needle-shaped from ethanol.
The salts obtained were dried in vacuum oven at 110°C and ground to




A total of four crown ethers were used.
(1) 1.8-Crown-6:
18-Crown-6 (18C6, 1), which is commercially available (Aldrich
Chemicals), was a white waxy solid and was purified by recrystal-
lization from n-heptane.
(2) Dicyclohexy1--18-crown-6
Dicyclohexyl-18-crown-6 (DCH18C6, 6), which. is also commercially
available (Aldrich Chemicals), was a light yellow oil. It was
purified by eluting from a short column of acidic alumina, using
n-heptane as eluent. After removal of n-heptane, white solid of
DCH18C6 was obtained while standing in freezer.
(3) Bis-[3,4-(1',4',7',10',13'-pentaoxacyclopentadeca.-2'-ene) benzyl]
ether:
This crown ether, also named as bis-l-benzo-15-crown-5 (bis-1-
B15C5, 17) was synthesized by established procedures 56 with slight













4'- Methylbenzo-15-crown-5 (MB15C5, 14) was prepared according
to procedures described by Smid et al58. In a-1-litre flask, 5 grams
of HB15C5 (0.0018 mole) were dissolved in 400 ml of dried CC14
The solution was heated to boil under nitrogen atmosphere and then
3.2 grams (0.018 mole) of NBS were added. The mixture was
irradiated with a 500 W tungsten lamp and refluxed with stirring
under nitrogen atmosphere for about half an hour. The solution
was cooled and the succinimide was filtered off. The CC14 solution























rotatory evaporator. A 100-mi aqueous solution of 5 g of KUr! Was
added and the mixture was refluxed with vigorous stirring for 3 hours,
After cooling, the CC14 phase was discarded. The aqueous phase
was acidified with concentrated HC1 and was extracted with CHC13
(4 x 100 ml). Combined CHC13 extracts were washed twice with water
and then dried over anhydrous MgSO4. After filtering off the drying
agent, CHC13 was removed and 3.0 grams of oily residue, 5.7% yield,
were obtained.
lMIR. (CDC13) c3, ppm: 3.85 in 16 H ethylene H, --CH9--
4.48 s 2 H benzylic H, Ph-CH2
6.80 in 3 H aromatic H. -CH-
NMR spectrum revealed that the oil contained about 90% of the
desired product, i.e. 4' _hydroxyrnethylbenzo-l 5--crown--5. The
remaining portion of the oil was the starting material (14) which
would not interfere with the subsequent reactions. Therefore, the
oily product was not purified further.
(b) Bis-l-benzo-15-crown-5
In a 100-m1 flask equipped with a reflux condenser and
dropping funnel, 1.5 grams of the oily product mentioned above
(containing 0.0045 mole of 16) were dissolved. in 20 ml of dried
tetrahydrofuran (THF). The system was flushed with nitrogen during
reaction. One gram of sodium hydride was added and the solution
was refluxed with stirring for half an hour. According to known
23
procedures56, 1.7 grams of 4'-bromomethylbenzo-l5-crown-5 were
prepared in a separate reaction and was dissolved in 20 ml
of dried TIIF. The solution was added slowly into the flask. The
mixture was refluxed with stirring overnight. After reaction, the
mixture was cooled, filtered and acidified with concentrated HC1.
THE was removed and the oily residue was dissolved in 200 ml of CHC13.
The solution was washed with water (2 x 100 ml) and. dried over
MgSO4, then filtered. After removal of CHC13, the desired crown
ether product (17) was purified by colun chromatography (conditions
according to reference 56). Recrystallization from CC14 gave 2.1
rams of white crvsta.l4 70% yield with m.p. 115-1160C.
NMR (CDC13) 6, ppm: 3.85 m 32 H ethylen.ic H, -CH2-
4.42 s 4 H benzylic H, -Ph-CH2-
6.80 m '6 H aromatic H. -CH-
IR (KBr) cm-1: 1268, 1138, 1059 (-COC- stretching)
MS (Cm/e): M+ 578.2709 found (579.2693 calculated)
(4) Bis- [3,4-(1',.4' ,7' ,10', 13' ,16'_hexaoxacyclooctadeca-2'-ene)-benzyl]-
ether:
This crown ether, also named as bis-l-benzo-18-crown-6 (bis-1-
B18C6, 21-) was synthesized according to Williamson synthesis. The
following pathway (Scheme 3.3) was used.
24
CH2OHCH2BrCH









4'-Methylbenzo-18-crown-6 (18) was prepared according to the
procedures described by Smid et a158. In a 1-litre flask, 3.0 grams
of 4'-methylbenzo-l8-crown-6 (18, 0.0092 mole) were dissolved in 600
ml of dried CC14. The solution was heated to boil under nitrogen
atmosphere and 1.6 grams of NBS (0.0094 mole) were added. The
solution was irradiated by a 500 W tungsten lamp and refluxed with
stirring under nitrogen atmosphere for half an hour. The solution
was cooled and the succinimide was filtered off. The CC14 solution
was then concentrated to about 300 ml at room temperature using a
rotatory evaporator. A 100-m1 aqueous solution. of 5 g of KOH was
25
added and the mixture was refluxed with vigorous stirring for 3 hours.
After cooling, the aqueous phase was separated out, and was washed
with CC14 (2 x 50 ml). The aqueous phase was then acidified with
concentrated HC1 and was extracted with CHC13 (4 X 100 ml). Combined
CHC13 extracts were washed with water (3 x 100 ml) and then dried over
anhydrous MgSO4. After filtering off the MgSO4, CHC13 was removed
and the oily residue was obtained. It was further purified by-eluting
from a column of acidic alumina, using choloroform-acetone mixture
(3:2, by volume) as eluent. After removal of solvent from the eluent
with subsequent freezing of the residue, 1.5 grams of 4'-hydroxy-
methylbenzo-18-crown--6 (20, 0.0044 mole), 4.8% yield with m.p. 54-
550C, were obtained.
NMR (CDC13) S, ppm: 3.90 m 20 H ethylenic H, -CH2-
4.48 s '2 H benzylic H, Ph-CH2-
6.80 m 3 H aromatic H, -CH-
MS (m/e): M+ 340.1521 found (340.1520 calculated)
(b) Bis--l-benzo-18-crow -6:
In a 100-m1 flask equipped with a reflux condenser and dropping
funnel, 1.5 grams-of 4'-hydroxymethylbenzo--18-crown-6 (20, 0.0044.
mole) were dissolved in 20 ml of dried THF. The system was flushed
with N2 during reaction. One gram of sodium hydride was added and
the solution was refluxed with stirring for half an hour. According
to known procedures56, 1.9 grams of 4'-bromomethylbenzo-l8-crown-6
were prepared in a separate. reaction and was dissolved in 20 ml of
26
dried THF. The solution was added slowly into the flask. Under
nitrogen atmosphere, the mixture was refluxed with stirring over-
night. After the reaction, the mixture was cooled, filtered and
acidified with concentrated HC1. THE was removed and the oily
residue was dissolved in 200 ml of CHC13. The solution was washed
with water (3 x 100 ml) and dried over anhydrous MgSO4, then filtered.
After removal of CHC13, the residue oil was purified by column
chromatography on basic alumina, using ether-chloroform mixture
(1:5, by volume) as eluent. After removal of eluent with subsequent
freezing of the residue, 1.2 grams of white solid, 40% yield with
M.p. 74-75°C, were obtained.
NMR (CDCl3) , ppm: 3.90 m 40 H ethylenic H, -CH-
4.42 s 4 H benzylic H, Ph-CH2-
6.80 m 6 H aromatic H, -CH-
IR (KBr) cm -1: 1268, 1.138, 1059 (-COC- stretching)
MS (m/e): M+ 666.3292 found (666.3248 calculated)
3.2.5 Primary standards of esters
Benzyl-p-nitrobenzoate (BzNB) and 1-phenylethyl-p-nitrobenzoate
(MBzNB) were the products in kinetic studies and were therefore syn-
thesized to be used as the primary standards.
(1) Benzyl-p-nitrobenzoate
A mixture of 10 grams of BzBr (0.058 mole), 12 grams of KNB
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(0.058 mole), and 2 grams of DCH18C6 (0.005 mole) in 100 rrml of CHC13
was refluxed overnight. After reaction, the mixture was cooled and
the solid was filtered off. After 'removal of solvent, the residue
oil was purified by eluting from a short column of acidic alumina,
using CHC13 as eluent. After removal CHC13 with subsequent recry-
stallization from n-heptane, 11 grams of white crystal, 75% yield
with m.p. 83-840C. were obtained.
NMR (CDC13), ppm: 6.25 s 2 H benzylic H. Ph-CH
7.50 m 5 H aromatic Fl,, -CH-
8.45 m 4 H aromatic H. -CH-
(2) 1-Phenylethyl-p-nitrobenzoate
A mixture of 10 grams of 1-bromo---l-phenylethane (MBzBr, 0.054
mole), 11 grams of KNB (0.054 mole) and 2 grams of DCH18C6 (0.005
mole) in 100 ml of CHC13 was refluxed overnight. After reaction,
the mixture was cooled and the solid was filtered off. After
removal of solvent, the residue oil was purified by eluting from
a short column of acidic alumia, using CHC13 as eluent. After
removal of CHC13 with subsequent recrystallization from n-heptane,
8 grams of white crystal, 62% yield with m.p. 44-45°C, were
obtained.
NMR (CDC13), ppm: 1.70 d 3 H methylic H, -CH3
6.25 q 1 H benzlyic H, Ph-CH-
7.50 m 5 H aromatic H, -CH-
8.45 m 4 H aromatic H, -CH-
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3.2.6 Potassium and cesium picrates
Potassium and cesium picrates were prepared in ethanol. by
neutralizing picric acid with the corresponding hydroxides as outlined
by Coplan and Fuoss79. The salts were recrystallized from water, dried
under vacuum. and stored in the dark.
3.3 Temperature Control
Throughout kinetic measurements, temperature should be kept at
constant. A specially designed reaction flask was employed in kinetic
studies. The flask was 15 ml in volume and was wrapped by a water
jacket, through which thermostated water at 25°+O.5°C was circulated
as shown in figure 3.1.
3.4 Extent of Transferring Salt into Organic Solvent by Crown Ethers
The concentrations of crown ether-salt complexes in the organic
phase at the phase transfer equilibria were determined by UV-spectro-
photometry.
3.4.1 For 18-crown-6 and dicyclohexyl-18-crown-6
The concentrations of the complexes could be directly measured









Figure 3.1 The reaction flask and the set-up for temperature control
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is insignificant and thus the absorption is due to the absorption of
p-nitrobenzoate' ions only 17
In a typical measurement, 10.0 ml of a standard crown ether solution
in dichloromethane with known concentration were stirred in the reaction
flask at 25°±0.5°C with 0.25 gram of 150 mesh KNB salt. Phase transfer
equilibrium was reached at about 20 minutes of stirring. After reaching
the equilibrium, a certain amount of the clear solution was drawn out and
the concentration of KNB in CH2C12 was calculated based on the measurement
of UV absorbance and the molar absorptivity of KNB.
The molar absorptivity was determined by a separate experiment.
Weighed amount of KNB was added into a 25-m1 volumetric flask equipped
with a small magnetic bar. Known amount of crown ether solution, which
is 20-50% in excess of KNB used, was put into the flask. After stirring
overnight to ensure complete dissolution of salt, the magnetic bar was
removed.- The flask was then filled to the mark with CH2C17. A series
of solutions with.different dilution factors were made from this solution,
and the UV absorbance measured. A plot of absorbance against KNB
concentration would give a straight line with slope corresponding to
the molar absorptivity (Emnzr v1R).
3.4.2 For bis-l-benzo-15-crown-5
This crown ether is UV absorbing in the range 250-300 nm, and thus
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direct usage of the procedures described in section 3.4.1 was not
applicable. Therefore, modified procedures were set up17. The value
of the molar absorptivity of KNNB in CH.2C12 was determined by a. technique
in which crown ether absorption was eliminated, giving a net KNB absorp-
tion from calculation.
The absorbance due to crown ether at max,KNB was measured. Stock
solution of bis--1-B15C5 was made. Aliquots of certain volume were
withdrawn and diluted to 10.0 ml. UV absorbance at Amax,KNB was determined
with pure CH2C12 as reference. A plot of absorbance versus crown ether
concentration would give a straight line with slope corresponding to
the molar absorptivity of the crown ether at Amax,Ki`JB'
The procedures for determination of the absorbance of the crown
ether-KNB solution at max,KNB were as same as those described in
section 3.4.1, with pure CH2Cl2 as reference.. From this value, the
absorbance due to crown ether with known concentration at this wave-
length was subtracted. The difference then corresponds to the net
absorption of KNB and the concentration of KNB in CH2C12 was calculated.
From this method, molar. absorptivity of KNB (max,KNB) and the extent
of transfer could be obtained.
3.4.3 For bis-l-benzo-18-crown-b
The procedures described in section 3.4.2 were followed but CsNB salt
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was Used instead Ot MNb sa1L.
3.5 Kinetic Measurements
In a typical measurement, 7.0 ml of standard crown ether solution
with known concentration were stirred with solid salt at 25°±0.5°C in the
reaction flask. When using 18C6, DCH18C6 or bis-1-B15C5, 0.25 gram of
KNB salt was used. When using bis-1-B18C6 as catalyst, 0.35 gram of CsNB
was used. After stirring for 20 minutes, 3.0 ml of 3.5 M bromide solution
in CH2C12 were added into the reaction flask while stirring continued.
(Magnetic stirrer from Cenco, full scale 1100 r.p.m. without loading,
3/4 at the full scale was used.) At adequate time intervals, stirring
was interrupted for about one minute to settle the salt. 0.03-0.10 ml
sample of the CH2C12 phase was withdrawn and immediately diluted to 5.0-
10.0 ml to quench the reaction. Lengths of intervals and extent of
dilution depend on the rate of reaction.
After filtration with a filtering syringe, these samples were
subjected to quantitative analysis by h.p.l.c..
Working conditions for the h.p.l.c.
Column -porasil.
1.5 ml min-1Flow rate
Pressure 700 psi
Sample Volume : 20 l
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: UV, 254 nmDetector
Working conditions tor the recoraer :
: 10 mVInput sensitivity
: 2 mm min-1Chart rate
CHC13-n-heptane mixture (1:8, by volume) was used as eluent when
using BzBr as substrate. The peak of product BzNB appeared at a retention
time of 3.8 minutes. CHC13-n-heptane mixture (1:6, by volume) was used
instead as eluent to detect the product MBzNB when using MBzBr as
substrate. The peak of MBzNB appeared at a retention time of 4.2 minutes.
To detect styrene (S), pure n-hexane was used instead as eluent. The
peak of styrene overlapping with solvent peak at a retention time of 2.8
minutes. The concentrations of the products were calculated based on the
heights of the peaks with reference to calibration curves independently
done under the same instrumental conditions using standard BzNB, NBzNB or
styrene solutions.
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SECTION FOUR: RESULTS AND DISCUSSIONS
4.1 Kinetic Study of Ionpair Nucleophilic Substitution Mechanisn
In previous study, the reaction involving a phase transfer nucleo-
philic substitution reaction between solid potassium p-nitrobenzoate
(KNB) and substrate benzylbromide (BzBr) in organic phase, giving
benzyl-p-nitrobenzoate (BzNB) as product, has been done in CHC13 at room
temperature17. In this study, CH2Cl2 has been used as solvent instead.
4.1.1 Proposed mechanism
The proposed mechanism for this solid-liquid two-phase reaction is
depicted in Scheme 4.1.




KNB KBr (4.1)Solid phase
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4.1.2 Rate equations
Before deriving the kinetic equations for the system, one should note
that the complexation of crown ethers with KNB is appreciably greater than
that with KBr, so that the kinetics will not influenced by the accumulation
of KBr4 which is a product of the reaction17.
Assuming the nucleophilic substitution reaction is the rate determining
step and is much slower than the phase transfer process, the rate equation
may then be formulated as below :
Rate of product formation=
(4.2)= k[BzBr] [crown-KNB]
It has been found that the concentration of crown•KNB complex in the
organic phase is relatively constant 17, so that the reaction kinetics can
be regarded as pseudo-first-order.
(4.3)
where kobsd = pseudo-first-order rate constant
= k[crown•KNB]
If there are no other side reactions, the concentration of benzyl-
bromide, [BzBr], should be equal to [BZBr]o - [BzNB], where [BzBr]o is the
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initial concentration of the benzylbromide, thus,
(4.4)
Integration of equation 4.4 give
(4.5)
versus reaction timeTherefore, the plot of In
should be a straight line with slope equal to kobsd.
Since both SNl and SN2 mechanisms are possible, accordingly, the rate
equation can he written as :
= kl [BzBr] + k2 [BzBr][crown KNB]
(4.6)(k1 + k2 [crown KNB]) [BzBr]
where k1 and k2 are the rate constants for SN1 and SN2 mechanisms
repectively. On comparing equation 4.6 with equation 4.3, one can get
(4.7)
Therefore, plotting kobsd versus [crown•KNB], a straight line with
slope equal to k2 and intercept equal to kl can be obtained.
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4.1.3 Extent of transfer
The extent of transfer is defined as the ratio of the complex concen-
tration to the initial concentration of the crown ether. Results are
tabulated in Table 4.1. Values of absorption maxima and molar absorp-
tivities of crown ethers and their complexes with salts are given in
Appendix A.
Table 4.1 The extent of transferring KNB and of CsNB into dichloromethane
by crown ethers at 25°C.
Concentration range of crownExtent ofCrown-etherSalt





In the absence of crown ether, stirring solid KNB salt in dried
CH2Cl2 overnight gave no detectable KNB in CH2C12 layer. Addition
of crown ethers gave rise to 100% of transfer. Such high extent of
transfer may be attributable to the good fitness of size between crown
cavity and the cation, the absence of water molecules to compete with
cation solvation, and the lipophilicity of the p-nitrobenzoate ions.
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4.1.4 Pseudo-first-order kinetic plots
versus time for theAs a typical example, plots of ln
reaction catalyzed by 18C6 at different crown ether concentrations are
shown in Figure 4.1. In general, the reaction was followed up to 20%
conversion of BzBr. Based on the straight lines in which the correlation
coefficients are always better than 0.997, one can obtained the kobsd
values at different crown ether concentrations. The rest of the plots
using different crown ethers as catalysts are presented in Appendix D and
the kobsd values are tabulated in Appendix C.
versus time for the reactionFigure 4.1 Plots of ln
BzNB + 18C6 KKrBzBr + 18C6 KNB
crown ether concentrations :
(b) 4.23 x 10-5 M,(a) 2.54 x 10-5, M,
(d) 1.27 x 10-4 M,(c) 5.93 x 10-5 M,
(f) 3.39 x 10-4 M,(e) 1.69 x 10-4 M,
(h) 5.93 x 10-4 M,(g) 4.66 x 10-4 M,
(j) 1.32 x 10-3 M,(i) 7.53 x 10-4 M,
(1) 2.63 x 10-3 M.(k) 1.51 x 10-3 M,





















Reaction time (min )
40
4.1.5 First-order and second-order rate constants
The first-order and second-order rate constants are obtained from
plots of kobsd versus [crownl•KNB] as described in equation. 4.7.
[crown•KNB] is simply the product of the crown ether concentration
and the extent of transfer previously obtained.
Plots of kobsd versus the complexed salt concentration [crown•KNB]
are shown in Figure 4.2. A linear relationship between kobsd and
[crown•KNB] is observed for every crown ether used. The intercepts
are very much close to zero and therefore the SN1 rate constants k1 are
very small and not reported here. The value of the SN2 rate constants k2
evaluated from these plots are tabulated in Table 4.2.
The pseudo-first-order kinetics is also observed for CsNB reacting with
BzBr catalyzed by bis-l-Bl8C6 in CH2C12 at 25°C. The plots according
to equation 4.5 are shown in Appendix D and the plot of kobsd versus
complexed salt concentration is shown in Figure 4.3. Again k1 was found
to be very small and the k2 value is 0.53 M-1 min-1.
4.2 Competition between Ionpair and Free Ion Nucleophilic Attacks
Although free ion reactivity has been observed in the anionic poly-
merization reactions80, only ionpair reactivity in SN2 reaction in CHCl3









[crown.KNB] x 103 (M)
Figure 4.2 Plots of kobsd versus [crown.KNB] for reaction 4.1 catalyzed
by various crown ethers at 25°C.
Crown ether : 18C6 (A), DCH18C6 (B) and bis-1-B15C5 (C).
For the sake of simplicity, only those sets of data having
crown ether concentration from 1.00 x 10-4 M to 1.5 x 10-3 M







[crown.CsNB] x 104 (M)





For the sake of simplicity, only those sets of data having
crown ether concentration from 8.00 x 10-5 M to 1.20 x 10-3 M
appear in this plot.
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Table 4.2 Second order rate constants (k2) for the reaction between potassium
p-nitrobenzoate and benzylbromide (Reaction 4.1) catalyzed by crown
ethers in CH2C12 at 25°C.
Crown ether
k2 x 102 Range of crown ether
(M-1min-1) concentration x 1O3 (M)
18C6 8.94 0.10 - 1.35
DCH18C6 11.6
0.10 - 1.35
bis-1-B15C5 28.1 0.10 - 1.35
bis-1-B18C6 53.0* 0.08 - 1.20
* Cesium p-nitrobenzoate replacing potassium p-nitrobenzoate as the
nucleophile.
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such as crown ether-potassium picrate, have been shown to dissociate
into free ions to a certain extent in low polarity media when the
complex concentration is in the order of 10-4 - 10-6 M55. An attempt
is therefore made to examine the possibility of free ion nucleophilic
attack in dilute crown ether solutions in a more polar medium.
4.2.1 Rate equations
If the crown-salt complex dissociates into free ions, the second-
order constant, k2, should consist of rate constants of ionpair attack
(ki) and free ion attack (k2), as shown in equations 4.8 - 4.10.























(1 - x) ( x ) ( x )
k2 can be expressed as
k2 = ki(1 - x) + kfx
= ki + (kf - ki)x (4.11)
Consider equation 4.10 and asume that x is small
Kd =
x2 [crown KNB]2





Substitute this value into equation 4.11, one would get
k2 = ki + (kf - ki)
Kd
[crown KNB] (4.13)
For the pseudo-first-order rate constant kobsd as described before,
provided that k1 is very close to zero. Then,


















If both ionpair and free ion are simultaneously reacting with benzyl-
bromide, a plot of (kobsd/[crown·KNB]) versus [crown·KNB] should give
a straight line with slope equal to (k - k )K
f i d
and intercept equal to
to k
i
4.2.2 Extent of transfer in dilute solutions
Since the kinetic runs were done in dilute crown ether solutions,
measurements. have been taken to examine the concentration effect on
the extent of transfer. Addition of 18C6 or DCH18C6 gives rises to 100%
of transfer of KNB into CH2C12 in the whole range of study (Crown ether
concentrations from 10-5 M to 10-1 M). For bis-l-B15C5, the extent of
transfer drops to a certain extent when the concentration is less
than 5 X 10-5 M (Appendix B). This is taken into consideration when
calculating the complex concentrations. Bis-l-B18C6 has no such change
in extent of transfer when transferring CsNB into CH2C12 and the extent




When plotting kobsd versus complex concentration using bis-1-B15C5
as catalyst, a positive deviation from the straight line passing through
the origin (Equation 4.5) is clearly observed in the low complex concen-
tration region (Figure 4.4). This indicates that there must be other
more reactive species, most likely the free ion, that also reacts with
benzylbromide to produce the same final product. Same phenomenon is
also observed when using 18C6 or DCH18C6 as the catalyst. Plots of
kobsd/[crown-KNB] versus [crown.KNB] -1/2., according to equation 4.16,
using 18C6, DCH18C6 and bis-l-B15C5 as the phase-transfer catalysts
in this reaction, are shown in Figure 4.5. The linear relationship,
indeed held, reveals that a significant free ion reaction at low complex
concentation does exist. The ionpair reaction rate constant ki can be
obtained from the intercept and the free-ion reaction rate constant kf
can be calculated from the slope and the dissociation constant.
An interesting plot is observed when using bis-l-B18C6 as catalyst
and cesium p-nitroben.zoate (CsNB) as nucleophile. In this plot, a hori-
zontal line with slope equal to zero is obtained when plotting
kobsd/[crown.KNB] versus [crown.KNB]-1/2 as shown in Figure 4.6. It is
unreasonable to rule out the possibility of free ion mechanism, because,
when comparing the type of complex formed between bis-1- B-15C5 and KNB,
the complex between bis-1-B18C6 and CsNB in CH2C12 should be









[crown.KNB] x 105 (M)
Figure 4.4 Plot of kobsd versus [crown•KNB] for reaction 4.1 catalyzed
by bis-1-B15C5 at 25°C in the low complex concentration
region.
Crown ether concentrations 〈 1.2 x 10-4 M.















Figure 4.5 Plots of
kobsd
[crown•KNB] versus [crown•KNB] for reaction 4.1
catalyzed by crown ethers at 25°C.
[BzBr]o 1.05 M, KNB salts used = 0.25 g.
Crown ether : 18C6 (A), DCH18C6 (B) and bis-1-B15C5 (C).








[crown•CsNB] 2 (M- 2)
Figure 4.6 Plot of versus .[crown•CsNB]- 2 for the reaction
BzBr+ crown•CsNB BzNB+ crown•CsBr
catalyzed by bis-1-B18C6 at 25°C.
[BzBr]o ~ 1.05 M. CsNB salts used = 0.35 gram.
Data refer to Appendix F.
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smaller than that of the bis-l-Bl5C5-KNB complex. A rather reasonable
explanation is that the ionpair is loose enough to possess high
reactivity close to that of the free ion.Therfore,the siope
(kf-ki)Kd1/2 would be equal to zero because the rate constants of ionpair
attack (ki) and free ion attack (kf) are approximately equal ot each
other.Based on this assumption,Kd values for different crown ether
salt complexes were calculated by using the kf valuc which should be.
constant in CH2Cl2 at 25C regardless the difference in crown ethere.
The values of ki,if and Kd are summarized in Table 4.3 and Table 4.4.
Table 4.3 SN2 reaction rate constants of ionpair (ki) adn free ion (kf)
of potassium p-nitrobenzoate reacting with benzylbromide
catalyzed vy various crown ethers in CH2Cle at 25C.
crown ether
(M-1min-1) (M-1min-1)
Range of crown ether
concentration,x104 (M)
18C6 0.084 0.525 0.254 -159
DCH18C6 0.525 0.564-91.5
bis-l-Bl5C5 0.245 0.525 0.087-5038
bis-l-Bl8C6 0.525 0.525 0.065-11.3




Table 4.4 Calculated dissociation constants (Kd) for crown ether-
p-nitobenzoate complexes in CH2C12 at 25°C.
Complex
1.2 x 10-4 7.4 x 10-818C6-KNB
1.4 x 10-4 1,1 x 10-7DCH18C6•KNB
1.3 x 10 6
bis-1-B15C5 °KNB 3.3 x 10-4
(k f- k i )K d values refer to the slopes of plots in
Figure 4.4.
The higher k. values for bis-(crown ethers) are likely caused by the
i
larger interionic separation in the ionpairs. Studies with picrate salts
have shown that the interionic ionpair distance in a crown ether ionpair
complex is sensitive to the structure of the crown ethers, which can be
observed by the shifts in max of UV-visible spectra. The higher max
max max
of the picrate complex in the range between 350 nni and 400 rim has been
shown to involve loose type ionpair81. The absorption maxima of the
crown ether-picrate complexes are shown in Table 4.5. The absorption
maximum A for 1.8C6•KPi was found to be 372 nm which reveals that this
max
complex is a tight ionpair. The 375 nm value for DCH18C6-KPi complex
suggests an ionpair whose interionic distance is greater than that of
18C6-KPi ionpair complex. For bis-l-B15C5, the much higher absorption





Table 4.5 Absorption maxima ( max,KPi) of potassium
picrates when complexing with different






* Concentrations around 10-3 - 10-4 M are used.
maximum (380 nm) of the potassium picrate complex has been shown to
involve loose type ionpair81. The cation has been shown to be sand-
wiched between the two crown ether rings of the bis-(crown ether)81
(Scheme 4.17). As a result, the interionic distance is the biggest
K+ Pi- (4.17)
crown ether rings Picrate anion being
of bis-1-B15C5 separated from the
or bis-l-B18C6 cation by crown
ether rings
(Sizes not to scale)
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among those complexes. It is, therefore, that b:i.s-1-B15C5-KNB ionpair
complex has the higher reactivity. As the phase transfer catalyst,
bis-1-B15C5 is the most efficient one in a way that it can activate the
anion reactivity most for Reaction 4.1.
4.2.4 Solvent effect on the ionpair reactivity
In a SN2 reaction, a lower reaction rate should be observed when
the polarity of the solvent increases. However, when comparing the k2
values in CH2C12 with that in CHC13 (Table 4.6), it is found that by
increasing the solvent polarity, one can increase the reaction rate.
The dielectric constants of CHC13 and CH2C12 at 20°C are 4.81 and 9.08
respectively. It is also noted that the increase in k2 values for the
1:1 complexes, i.e., 18C6.KNB and DCH18C6•KNB, is about six-fold while
for the 2:1 complex, i.e., bis-l-B15C5•KNB, the increase in k2 value is
only 2.5-fold. The rate enhancement in a more polar solvent is attributed
to the formation of more loose ionpa.irs due to the stronger ionpair-
solvent interaction. These increases in the interionic distance, again
using picrate salts as the probe, can be observed when one compares
the max shift of the crown ether-KPi complexes in the two solvents.
For example, max of 18C6•KPi complex is at 365 nm in CHC1317 and at
372 nm in CH9Cl2, and max of DCH18C6-KPi complex is at 370 nm in CHC1317
and 375 nm in CH2C12. Such big change in max suggests a corresponding
large elongation in the interionic distance resulting in, if also true in
the crown ether-KNB complexes, an increase in the ionpair reactivity.
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Table 4.6 Second order rate constants (k2) for the reaction between potassium
p-nitrobenzoate and benzylbromide (Reaction 4.1) catalyzed by crown








Cesium p-nitrobenzoate replacing potassium p-nitrobenzoate as
the nucleophile.
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The smaller change in k2 for bis-1-B15C5--K.NB complex in different
solvents is not surprising, since this ionpair complex almost achieves
the maximum charge separation in CHC13, and a change to more polar
solvent does not increase the charge separation much-
4.3 Competition between Substitution and Elimination Reactions
In this study, the reaction involving a phase transfer reaction
between solid potassium p-nitrobenzoate (KNB) and 1-brorno-l-phenylethane
(MBzBr) in organic phase was carried out in CH2C12 at room temperature







solid solution solution solution
(Potassium (1-bromo- (1-phenylethyl- (Styrene)
P-nitro- 1-phenyl- p-nitrobenzoate)
benzoate) ethane)
(KNB) (MBzBr) (MBzNB) (S)
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4.3.1 Rate equations
The proposed mechanism for this solid-liquid two-phase reaction is
























Assuming that the substitution and elimination reactions in organic
phase are rate determining and there is no any side reactions,one can










= k [MBzBr ] [crown.KNB] (4.23)
It has been found that the concetration of ctown-KNB compex in
the organic phase is constant , 17 so that the reaction kinetics can be
regarded as pseudo-first-order
Reaction rate =(k s,obsd + k e,obsd)[MBzBr] (4.24)
where k s,obsd =pseudo-order rate constant for substitution
= k s [crown.KNB]
and k e,obsd= pesudo-first-order rate constant for elimination
= k e [crown.KNB]
Since there are no other side reactions, the concentration of
I-bromo-l-phenylethane [MBzBr] at time t should be equal to
([MBzBr]o - [MBzNB] - [S]), where [MBzBr]o is the initial concentration
of the substrate. Thus,
d([MBzBr] + [S])
dt =(k s,obsd + k e,obsd)([MBzBr]o - [MBzBr] - [S]
(4.25)
Integration of equation 4.25 gives
In
[MBzBr]o - [MBzNB] - [S]
I
= (k s,obsd + k e,obsd) + constant (4.26)
Therefore, a plot of In
[MBzBr] o - [MBzNB] - [S]
versus reaction
time should be a straight line with slope equal to (k s,obsd + k e,obsd).
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Obviously, one would obtain
(4.27)
From equation 4.27, ks,obsd and ke,obsd can be easily calculated.
Since both SNI, SN2, El and E2 mechanisms are possible, accordingly, the




where ksl, ks2, kel and ke2 are the rate constants for SN1, SN2, El and
E2 mechanisms, respectively. Comparing equation 4.2 with equation
4.24, one would obtain
(4.29)
(4.30)
Therefore, plotting ks,obsd versus [crown•KNB], a straight line
with slope equal to ks2 and intercept equal to ksl can be obtained.
Similarly, plotting ke,obsd versus [crown•KNB], a straight line with
slope equal to ke2 and intercept equal to ke2 can be obtained.
4.3.2 Kinetic results
Only DCH18C6 was used as the phase-transfer catalyst in this study.
and
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It was found that the substitution product, MBzNB, was the only product
and the concentration of the elimination product, styrene, was too
low to be detected during the reaction. Thus, the elimination reaction
is insignificant and could be neglected. For simplification, equation 4.25
becomes
(4.31)
Results of ks,obsd in different crown ether concentrations are
tabulated in Appendix C. Plots of ln versus time
are fitted by least square method, and they give straight lines with
correlation coefficients better than 0.998. Plots are shown in Appendix D.
The first-order and second-order rate constants for substitution as
described in equation 4.29 are obtained from ks,obsd versus [crown•KNB]
plots (Figure 4.7). A linear relationship between ks,obsd and [crown•KNB]
is observed for DCH18C6 as catalyst. The intercept is very much
close to zero and therefore SN1 rate constant ks1 is not reported here.
The value of the SN2 rate constant ks2 evaluate from this plot is
6.2 x 10-3 M.
The insignificance of the elimination reaction may be due to the
low basicity of the salt. Since MBzBr is a secondary halide, it is not
surprising that the SN2 rate constant is about 20-fold smaller than that
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[crown•KNB] x 102 (M)
Figure 4.7 Plot of kobsd versus [crown•KNB] for reaction 4.18 catalyzed
by DCH18C6 at 25°C.
Data of kinetic plot refer to Appendix C.
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4.4 Conclusions
From the above discussions, the kinetic results for the reaction 4.1
suggest that an SN2 mechanism is operating, and both the ionpair and free
ion are the attacking species.
The effectiveness of the crown ethercas phase transfer catalysts
in the reaction is found to follow the order
bis-l-B15C5>DCH18C6>18C6
Bis-l-B18C6 is the most effective when cesium p-nitrobenzoate (CsNB)
is used as nucleophile.
Although the catalytic effectiveness of bis-(crown ethers) is out-
standing, they are difficult to prepared and the cost is high.
When CH2Cl2 is employed as solvent instead of CHC13, rate enhancement
is observed, due to a weakening of cation-anion interaction. Thus, the
use of a suitable solvent can promote the reaction rate.
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The UV absorption maxima and molar absorptivities of crown ethers and their complexes











Value for cesium p-nitrobenzoate complex
: Absorption maximum for crown ether, nm.
Cr
: Absorption maximum for KNB in complexing with crown ether, nm.
KNB
: Molar absorptivity of crown ether at Cr, M-1cm-1.
,Cr
: Molar absorptivity of KNB in complex, at KNB, M-1cm-1.
,KNB
Molar absorptivity of crown ether at KNB, M-1cm-1,( ,KNB)Cr
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APPENDIX B
Plot of extent of transfer versus [bis-1-B15C5 to show the concentration effect on the extent
of transfer of solid potassium p-nitrobenzoate in low concentrations of crown ether in CH2Cl2.
1. 0
0.5








Reaction conditions and pseudo-first-order rate constants (kobsd) for
various kinetic runs.
Reaction :
BzNB + crown.KBr(I) BzBr + crown.KNB
(II) BzBr + crown.CsNB BzNB + crowan.CsNB
(III) MBzBr + crown.KNB MBzNB + crown.KBr
+ S + HNB
Meanings of the abbreviations and terms used in the tables :
[BzBr]o, [MBzBr]o : Initial concentrations of benzylbromide and 1-bromo-
1-phenylethane respectively.
[crown.KNB], [crown.CsNB]: Concentrations of crown ether-KNB and crown
ether-CsNB complexes in the organic phase, calculated from the
product of crown ether concentration and the extent of trans-
fer (p. 37 Appendix B)
KNBs, CsNBs : The weights of salts of MB and CsNB used during reaction.
Correlation coet ticient : That obtained in the
versus time plot.
Conversion : The maximum % conversion of the reaction that has been
attained in the kinetic runs. Calculated on the basis of the
amount of product formed to the total amount of substrate used.
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1 Correlation ConversionKNB[crown. KNB][crown] [BzBr] sobsd0
Coefficient ( % )10 3 (M) (g)ion (N)lp4. (min)(M)















(b) Crown ether= DCH18C6
0.0564 1.11 2.00.071L 0.056 0.20 0.997
0.113 0.136 0.998 I.60.113 0.201 ,11
To be continued next page)
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[crown] [BzBr] kobsd [crown.KNB] KNBs Correlation Conversion
x103(M) (M) x104 (min-1) x103(M) (g) Coefficient ( % )
(Continued)
0.155 1.03 0.186 0.155 0.25 1.000 2.3
0.282 1.11 0.334 0.0282 0.20 0.999 3.6
0.310 1.03 0.381 0.310 0.25 1.000 4.8
0.434 1.03 0.481 0.434 0.20 0.999 6.1
0.775 1.03 0.972 0.775 0.25 0.998 4.2
1.24 1.03 1.45 1.24 0.25 0.997 4.4
1.55 1.03 1.74 1.55 0.25 0.999 4.1
3.05 0.488 3.54 3.05 0.25 0.998 6.1
9.15 0.488 10.3 9*.15 0.25 0.998 16.8
(c) Crown ether =bis-1-B15C5
0.0608 1.04 0.167 0.0608 0.20 0.999 2.6
0.0912 1.04 0.248 0.0912 0.20 0.999 3.8
0.108 1.03 0.294 0.108 0.25 0.998 4.0
0.122 1.04 0.349 0.122 0.20 0.999 5.1
(To be continued next page)-
0.0182 1.04 0.0331 0.0087
0.0304 1.04 0.0522 0.016





Correlation ConversionK.NB[crown. KNB]kbsd[BzBr][crown] S0
LO4 (min l







* Data of transfer ratio refer to Appendix B.
Correlation Conversionk CsNB[crown.CsN?B][BzBr][crown] 0
ig)
1 n4 (mi n-i 1 n3 (N CoefficientM ( % )103 (M)
(II) Crown ether= bis-l-Bi8C6
0.00654 1.05 0.00654 0.30 0.999 0.8
1.050.00934 0.0350.0484 0.00934 0.30 0.999 .
0.0131 1.05 0.064E 0.0131 0.30 0.999 1.4
0.0222 1.05 0.116 0. 0222 0.30 0.999 1.3
0.0333 1.05 0.172 0.0333 0.30 2.00.999
0.0444 1.05 0.219 0.0444 0.30 i000 2•J
0.0667 1. 05 0.358 0.0667 0.30 0.999 4.3
0.0889 1.05 0.469 0.0889 0.30 0.999 5.6

















(M) (g) Coefficient ( % )
(Continued)
0.156 1.05 0.833 0.156 0.30 0.999 9.6
0.374 1.05 2.14 0.374 0.30 0.999 9.6
0.654 1.05 3.39 0.654 0.30 0.999 7.3
0.934 1.05 4.79 0.934 0.30 0.999 6.9



















0.5 0.485 1.25 0.5 0.25 0.999 3.5
10.9 0.485 2.45 40.9 0.25 0.997 6.3
51.2 0.485 3.01 51.2 0.25 0.999 5.0
61.4 0.485 3.78 61.4 0.25 0.999 6.0
81.8 0.485 5.06 81.8 0.25 0.997 8.4
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APPENDIX D
Kinetic plots for the phase-transfer reaction catalyzed by crown ethers
under different reaction conditions.
versus time for the reaction(I) Plots of ln
BzNB + crown•KBrBzBr + crowm.KNB
For the sake of clarity and simplicity, only those sets of data
having points of the initial substrate concentration close to unity
are taken for the plots (See Appendix C-I).
(1) Crown ether = 18C6
presented in Figure 4.1
Crown ether concentrations
(a) 2.54x10-5M, (b) 4.23x10-5M,
(c) 5.93x10-5M, (d) 1.27x10-4M,
(e) 1.69x10-4M, (f) 3.39x10-4M,
(g) 4.66x10-4M, (h) 5.93x10-4M,
(i) 7.53x10-4M, (j) 1.32x10-3M,
(k) 1.51x10-3M, (1) 2.63x10-3M.
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Reaction time (min )
Crown ether concentrations : (a) 5.64x10-5M, (b) 1.13x10-4M,
(c) 2.82x10-4M, (d) 1.55x10-4M, (e) 3.10x10-4M, (f) 4.34x10-4M,






















Reaction time (min )
Crown ether concentrations : (a) 1.82x1O-5M, (b) 3.04x10-5M,
(c) 4.25x10-5M, (d) 6.08x1O-5M, (e) 9.12x10-5M, (f) 1.22x10-4M,
(g) 1.08x10-4M, (h) 2.69x1O-4M, (i) 4.31x10-4M, (j) 5.38x10-4M,
(k) 7.54x10-4M.
78




BzNB + crown CsBr


















Reaction time (min )
Crown ether concentration : (a) 6.54x1O-4M, (b) 9.34x1O-6M,
(c) 1.31x10-5M, (d) 2.22x10-5M, (e) 3.33x10-5M, (f) 4.44x10-5M,
(g) 6.67x10-5M, (h) 8.89x10-5M, (i) 1.56x10-4M, (j) 3.74x10-4M,





(III) Plots of versus reaction time for the reaction
MBzBR + crown .KNB MBzNB + crown. KBr








0 100 200 300
Reaction time (min)
Crown ether concentrations: (a) 2.05 xlO-2M, (b) 4 .09x10-2M.
(c) 5.12x10-2M, (d.) 6.14x10-2M, (e). 8.18x10-2M.
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APPEN])IX E
Data for the plots of (k obsd /[crown.KNB]) versis [crown.KNB] -1/2 to show
the participation of free ion in the reaction
BzBr crown.KNB
CH 2 Cl 2
25 C
BzNB crown.KBr
Kinetic data for the reaction catalyzed by various cthers are used
in the plots (Appendix C-I).
[crown.KNB]
k obsd k 2 =k obsd/[crown.KNB] [crown.KNB] -1/2
10 3 (M)
10 4 (min -1)
10 (M -1 min -1) (M -1/2)
(a) Crown ether =18C6
0.0254 0.0279 1.10 198
0.0423 0.0425 1.00 154 23
0.127 0.122 0.961 88.7
0.339 0.316 0.932 54.3
0.446 0.412 0.884 46.3
0.593 0.525 0.885 41.1
0.753 0.688 0.914 36.4
1.32 1.18 0.894 27.5
1.51 1.29 0.854 25.7
(To be continued next page)
0.0593 0.0599 1.01 130






















(c) Crown ether= bis-1-15C5
0.0331 3403.80.0087

















The plots are presented on p. 49, Figure 4.5.
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APPENDIX F
Data for the plot of( kobsd/[crowr,.CsNBj) versus [crown,C,sNB] -1/2 to show












0.00654 0.0654 5.36 391
0.00934 0.0484 5.18 327
0.0131 0.0684 4.94 276
0.0222 0.0116 5.22 212
0.0333 0.172 5.17 173
0.0444 0.219 4.93 150
0.0667 0.358 5.36 122
0.0889 0.469 5.27 106
0.156 0.833 5.33 80.0
0.374 2.14 5.72 51.7
0.654 3.39 5.18 39.1
0.934 4.79 5.12 32.7
1.13 5.99 5.30 29.7
The plot is presented on P. 50, Figure 4.6.


